Abstract. This paper describes nuclear energy technologies for the solution of long term energy problem with better reliability. A short overview about nuclear energy applications are explained with a basic analysis of energy. Furthermore, industrial application, space application of nuclear systems and ship propulsion in nuclear energy application are demonstrated in more detail. This report also includes some examples of the experienced nuclear power plant to identify energy production. The general purpose of the article is to understand how efficiently nuclear systems generates energy, and solve the world`s increasing energy demand in our century.
Introduction
The demand for energy has significantly increased due to the astonishing development in technological tools recently. As a natural consequence of this situation, some harmful resources such as fossil fuels have been used for providing energy without considering their damage in the environment or people's lives. It was really possible to generate quite enough energy from the non-renewable energy sources compared to the renewable energy sources. However, high percentage of usage of non-renewable energy sources caused some hazardous environmental and health related issues which people are still facing today. For instance, some include greenhouse gas emission, global warming and climate change. Because of the limitation of the non-renewable sources and limited energy potential of some renewable sources, nuclear energy was considered to be exact solution for energy problems (Sims et al. 2003) . The extreme needs for energy and capability of generating high and clean energy from the nuclear energy system led to a rapid increase in nuclear energy technology mainly for electricity generation (Hammond 1996) . Even though there was some concern about the probability of damage to be likely caused by nuclear systems, technological developments and the improvements in nuclear technology in terms of cost, environment and socioeconomic consideration increased the reliability of the nuclear energy systems (Lee et al. 2007 ).
Corresponding author, Ph.D., E-mail: eguk3542@gmail.com The continuous increase in the nuclear technology proved that the nuclear system was a perfect solution for long term energy problem with better reliability, safety and high energy output ability (Omoto 2005) . Depending on this development in nuclear technology, it was used for some nonelectricity applications such as space, ship propulsion and in industry. The purpose of this essay is to technically explore the probability and feasibility of the nuclear energy systems in such nonelectricity applications.
Industrial application
Nuclear energy is considered to be a preferable application to generate energy such as electricity or heat energy with the deployment of developed reactor which consume lower uranium (Massara 2009 ). Due to the high probability of generating a great amount of energy from the nuclear reaction, there are several applications which provide energy from nuclear base system in different ways as well as nuclear non electricity application, which will likely be the perfect solution for the energy problem in the future with such applications (Omoto 2005) . Industrial (desalination), space, medicine and ship propulsion (non-electric applications) are thought as the most important applications in order to use nuclear technology apart from the use of it for electricity generation (Majumdar 2002) . It is clear to observe that there is a strong increase in the use of those kinds of applications (Majumdar 2002) . The increase might be owing to the astonishing demand for energy either in electric application or non-electric applications. Even though there is a significant interest and investment in generating energy from the renewable energy source; fossil fuels are still the main energy source with the percentage around 78 % (Boyle et al. 2003) . The high usage of fossil fuels resulted in dangerous environmental hazards that people are facing today. Therefore, it is considerably important to provide wider usage area for the nuclear energy in order to generate more energy for replacing the fossil fuels. One of the important non electric applications of the nuclear energy is the usage of the nuclear sources for industrial purposes. There are many different types of industrial usage of nuclear, as presented in Table 1 .
There are various applications to use nuclear energy in industrial areas (Table 1) , therefore it is expected that different types of rector were used to provide higher efficiencies by applying the most convenient application (Majumdar 2002) . Each reactor has different range of inlet and outland heat and steam (IAEA 1999) . Desalination application of the industrial usage of nuclear energy can be considered a major application. It is obviously known that water is a vital resource for all creatures in order to continue their lives. In addition, people are required to have drinking water which is needed to be desalinated. Because, there is a significant concern about having lack of drinking water in the world due to the lack of energy to desalinate salt water (94% of the total water in the world) (Majumdar 2002 ). Nuclear energy can be a perfect option to deal with this problem as mentioned above due to the possibility of generating needed amount and type of energy. Regarding this point, some investigations have been done from 1960 to today about using nuclear in the desalination of the salt water (Majumdar 2002) . In this respect, Table 2 illustrates some examples of experiences about desalination.
The circuit for a simple desalination nuclear plant was shown in Fig. 1 , and its cost changes from about $0.50 to around $2.0 perM 3 of distilled drinking water (IAEA 2005) . There are considerable numbers of nuclear reactor designs for water desalination due to the high attraction and importance of desalination application as an example of industrial usage of nuclear energy and availability of using nuclear technology in that application. For instance, The French PWR-900 is one of the preferable reactors which is a quite famous reactor with relatively lower cost and possibility of construction of series units. On the other hand, The Westinghouse AP-600 has also substantial importance that provides controllable power rate, simple safety units and availability of configuration (Nisan et al. 2003) . In the desalination process, the water vapour Fig. 1 Schematic illustration of a simple desalination nuclear reactor circuit (Majumdar 2002) is generated by heating the salt water until the needed temperature which is mainly supplied by low pressure water-logged steam (Khan 1986 ). There are two important desalination methods: Multiple effect distillation (MED) and Reverse osmosis (RO) desalinations (Nisan et al. 2003) , about which some technical information has been provided above in Table 2 .
It is clearly understood that desalination plays a vital role in people's lives in order to obtain drinking water due to the increasing demand for clean water in the world. In this concept, nuclear energy is strongly needed to provide the necessary power such as heat or steam for this application.
Space application of the nuclear systems
Using nuclear energy as an energy supplier system in space application is a considerably significant investigation that is improved every year. This might be due to the availability of obtaining comparatively higher energy from the nuclear energy system as heat or directly as power. Knight (2000) also agrees with the point that it is obviously possible to have higher performance engine by applying nuclear energy system. There have been many attempts from around 1950s to today in order to investigate the feasibility of using nuclear propulsion system in the space products technology such as in space craft application (Klein 2004) . Especially for developed countries, the space application of nuclear energy was an attractive invention. It is because high propulsion energy is required for space product, and it is possible to obtain needed energy from the nuclear system. Although the generated power of the nuclear reactor depends on the conversion of heat to electricity, nuclear power technology was considered to be an acceptable (Gabaraev 2007) solution to meet high power needs (Gordeev et al. 2012) . The USA and USSR were considered to be prior in the investigation of the nuclear use in space area. They conducted a work on the design of the nuclear powered space rocket engine after 1950s (Gabaraev 2007) . In comparison to the USA, the core heat, working part of the reactor and the total needed time to complete the operation is higher in USSR design (Gabaraev 2007) . Some technical properties of the reactor were given in Table 3 for both the USA and USSR.
With the increasing use of the technology, nuclear power skill in space application has also been raised. Some institutes were established in order to improve the space application such as research and design institutes and nuclear space institutes (Gabaraev 2007) . The generation of the high power from a relatively lesser scope reactor was probably the main concern in this technology. Additionally, having advance safety system and stability of the structure of the reactor were considered to be another crucial condition in high developed nuclear base space products (Gordeev et al. 2012) . NASA, which is the most widely known organization in order to study space, and AEC (atomic energy commission), also intended to obtain information about the feasibility of the nuclear energy in space application (Klein 2007) . The NERVA program was the first attempt to use nuclear technology to design a thermal reactor for space implementation by Los Alamos National Laboratory (Klein 2007) . NASA and AEC focused on improving the NERVA system in terms of the safety and reliability by configuring some technical equipment such as control system nozzle. With the increasing use of the nuclear technology, many tests have been done in order to improve the capability of the NERVA reactor (Table 4) (Klein 2007) .
Many scientists have reached a consensus that by using nuclear thermal reactor technology for space explorations, the human mission could be exchanged with the machine. Furthermore, the missions will be done with a lower power and lower required technical equipment by the increase in nuclear in space science (Borowski 1993) . The availability of the nuclear energy usage in the space application will give chance to do more experiments about the space investigation. In addition to the technical features of the mentioned above, Cammi et al. (2009) provided data about a relatively more developed nuclear space reactor (Table 5 ).
Ship propulsion
Nuclear energy Application in ship science is another increasing attraction in order to increase needed power easily from a nuclear reactor. With the rapid growing of the ship technology, there are many kinds of ships were designed with significantly high mass which requires high power. On the other hand, due to the large size of the recently developed ships, the fuel consumption of the ships also increased with a considerable amount of greenhouse gas emissions (Garcia et al. 2012) . All this notable reasons proved that there was a strong need for environmentally friendly and powerful energy supplier system. Nuclear energy as a renewable energy sources has a Fig. 3 Schematic of the place of the MRX put in the middle part of the icebreaker ship adapted from Kusunoki (2000) relatively better reliability and high power capability with different types of applications (Kusunoki 2000) . It was also claimed (Kusunoki 2000) that there are great amount of experiment carried out to design the most efficient reactor for ship propulsion. In this respect, MRX (Marine Reactor X) ( Table 6 ) was claimed as the most suitable reactor to meet the needs for ship propulsion technology in terms of safety, power output, weight, compact structure and reactor efficiency (Kusunoki 2000) Fig. 3 . Krishna (2011) mentioned about the requirement or expectation for nuclear system in the ship science that there is a significant increase in the ship application of the nuclear energy. Lower cost, lower emission and easy installation of the reactor were considered to be the main requirement for nuclear technology in the ship application. Having a continuous recirculation of the water was a crucial condition for using nuclear in ship propulsion, the key components of which were initially circulated with water (Krishna 2011). Naval ship is a perfect example for proving the feasibility of the nuclear system in ship propulsion where the performance of the naval ship was greatly increased in terms of safety maintenance, cost and needed power output (Krishna 2011).
Conclusions
Nuclear energy technology as a renewable energy source is a strong candidate to be a solution for the world's increasing energy demand in our century. Due to its capability to provide relatively high energy output rate, nuclear technology is an attractive area for any energy based systems.
Nuclear technology was mainly applied for generating electricity for electricity required products or public concern. However, there is a great possibility to use nuclear technology in nonelectricity applications such as space and ship propulsion or industrial consideration. Nuclear energy systems have been developed to be consonant with such application. The size and types of the reactors were also chosen according to the user purpose of the system. Some applications such as ship propulsion required high power rate due to the high mass of the structure. Therefore a system is required which has the ability to provide high power at the needed time. Nuclear energy systems have the ability to provide enough power to meet high energy demand for further applications.
